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V O X  ACCOPPLISHED I)’XUXG THE FIRST SIX WEEK PERIOD 

1. Ir: the f i r s t  two weeks cf the six week work period, a 

preliminary m d e l  of the lunar surface w a s  prepared and issued. 

nodel was a f i r s t  s t e p  modif4.cation of the Office of Manned Space 

F l i g 3 t  Working Paper US-SSG-1001, the bas ic  model for  the Lunar 

Logis t ics  Vehicle Study. 

The 

2. During the following three weeks, t he  work w a s  d i rec ted  

toward a study of regional features  i n  the Ocean of Storms including 

the area from 8 O  South to 12O Norhh of the lunar equator. 

on f i l e ,  and p a s t  s tud ies  were used as much as possible  i n  t h i s  e f f o r t .  

These s tudies  are not complete, but some discussion of the area based 

Information 

on the work done so far is included i n  t h i s  report .  

were made during t h i s  period on rock mater ia ls  analogous t o  those 

l i s t e d  i n  the oMSE model, 

Further s tud ies  

3. The s i x t h  week was  spent draf t ing and revis ing f igures  and 

drawings f o r  the report. 

M-AERo-SSO. 

regarded as summaries of working papers. 

Assistance i n  the draf t ing  w a s  provided by 

A l l  material included i n  the Progress Report  should be 

* 

John Bensko 



A model f o r  the lunar environment w a s  described by the Je t  

Propulsion Laboratory i n  1960. 

mental criteria which served as the  bas i s  f o r  the design of the 

f irst  unmanned lunar s c i e n t i f i c  vehicles. 

f o r  the lunar model a t  tha t  time w a s  t ha t  it specify a s ing le  

low r i s k  lunar environment for  spacecraft .  

faced with the caution t h a t  the landing si te be located i n  a 

The document contained the exviron- 

The basic  object ive 

This model w a s  pre- 

"Maria-like" region. 

i n  the model are l i s t e d  i n  Table I and may be compared with later 

The properties of the  landing site described 

mod.els prepared by OMSF and MSFC f o r  the b a r  Logist ics  Vehicles 

study. 

concept of the  moon's surface so much, but  ra ther  ind ica te  the 

The differences i n  these moaels do not r e f l e c t  a d i f f e r e n t  . 

degree t o  which the designer is allowed t o  exercise va r i a t l sns  

i n  environmental parameters affect ing the vehicle 's  design. 

It w a s  necessary, at the t i m e  the  J. P. L. model was writ ten,  

t o  overcome the influence of many conf lec t ing  opinions regarding the 

moon's surface. The prevail ing uncer ta in t ies  concerning the 

lunar surface had a deb i l i t a t ing  e f f e c t  on the straightforward 

design of a lunar landing vehicle s t ructure .  
* 

Further, widely 

diverging views of the nature  of the  moon's surface led  t o  a 

reluctance on the p a r t  of many engineers t o  design f o r  an unknown 
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c o n d i t i o 3  without fu r the r  and unattainable information. I n  

other  cases,  designers w e r e  prone t o  conceive vehicles  of un- 

necessary complexity to  cover all possible  landing s i tua t ions .  

The 3PL model, despi te  c r i t i c i sms  at the time it was written# 

served a valuable purpose; namely, t o  d i r e c t  the engineer's 

e f f o r t s  toward vehicle  and hardware problems r a the r  than those 

of a cosmological nature. 

t ion  of the s i m p l e  geometry of a landing s i te  with s i m p l e  physical  

properties.  I n  the  same manner, other aspects of the lunar 

environment which were not  v i t a l l y  important to  hardware con- 

s idera t ions  i n  the unmanned vehicle w e r e ,  i n  a straightforward 

manner, l i s t e d  as unimportant in  the model. 

The m d e l  was r e s t r i c t e d  t o  a descrip- 

A l a t e r  model, now used as a bas i s  f o r  design s tudies  of 

the EASA lunar l o g i s t i c s  landing vehicles,  is the  hypothetical  

lunar surface described i n  OK%-LLS-SSG-1001 issued i n  August, 

1962. The nodel d i f f e r s  from the JPL model i n  i t s  treatment of 

the  lunar surface i n  t h a t  some concept of the average values of 

magnitudes of lunar fea tures  are given t o  acquaint the designer 

with the gross character of the moon. 

surfaces  a r e  t rea ted  as landing sites. Many,similari t ies are 

evident, however, between the present model and the JPL model 

(Table I). For instance, a dezree of maneuverability (500 f e e t )  

Both mare and c r a t e r  
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MODEL 2 3 1 
OMSF IGFC JPL 

I 

Slope of Slopes greater 1 1 
crater walls than 1 5 O  w i l l  ; less than 30' 

ered 

Defined below 
not  be encount-r I 

Slope of 
crater f l o o r  -- Avg 5' -I 

Slopes on outer 
* 

r i m  of large and -- 3O t o  8' i -- 
snall craters 



Slopes on inner 
rim of small craters 
( l e s s  than 10 Km) 

Highest mountains 
and ranges 
(elevation) 

-0 

\ 

greater Slopes 
than,15 w i l l  
not be encount- 
ered 

30,000 f t  

less than 30' 

Dome slopes 

Ridge height 
, -  

Ridge slopes 

-1 I 
I 
' l:rJXL 1 JPL 1 OYSF MSFC - 
7 

/ ~ l o ? e  on inner 
jrin QZ larGe crater 
[(greater than 50 Km I -- 

I Averaze slope 
or: the floor of 
larze craters I 

(greater than 50 Km) 

3 O  

30° -- 
I 

Highest mountain 
ranges (slopes) I 
General Naria 

slope I less than 3' ---L IDome diameters Several &n. -- 

Z0 

8.Z 
up to I(m J 

5O 



?!a1 led p la ins  
i m e r  s lope  

I 

-- 

er than 10 centime- 
ters w i l l  not be 
encountered 

I I I 

-- kew kilometers I 

-- I 5Km 

I 

-- I Protuberances 
larger than 
10 centimeter 
w i l l  be avoid- 
ed by maneuve 

1 I 



i s  assumed i n  the ONSF model tihich enables the vehicle t o  avoid 

loca l  areas  with obstructions larger  than 10 ern (approximately 4"). 

This feature ,  coupled with an allowed regional area se lec t ion  

capabi l i ty ,  provide essent ia l ly  the same low r i s k  condition as 

the JPL report .  

g rea te r  than 10 cm would not  be encountered by the vehicle. 

For example, i n  the JPL model, obstructions 

The preliminary MSFC model i s  r e s t r i c t e d  to  a descr ipt ion 

of lunar landing sites i n  the Ocean of Storms (Oceanus Procellar!Qmt) 

i n  the  region 10 North io  10 South of the Lunar Equator. Since 

the model is  intended as a modification of LLS-SSG-1001 and c o t  a 

0 0 

subs t i tu te ,  only those aspects of the  surface t h a t  appeared to  

requi re  more def in i t ion  w e r e  fncludcd. Where descr ipt ions i n  rhe 

LLS-SSG-1001 model did not  necessarily apply t o  the region of the 

moon i n  the Kepler-Copernicus-Lansberg area i n  the Ocean of S t o m ,  

they were omitted In  the NSFC mdel. 

The Y6PC Model - Basic Considerations 

The lunar model i s  p e r h a s  a poor bur necessary compromise 

between the  known and surnised aspects of the  moon's environment. 

A knowledge of lunar d e t a i l s  on the order of the s i z e  of the 

vehicle  are lacking znd apparently w i l l  remai? so u n t i l  high 

resolut ion photographs become available from successful lunar 

< -  . ~ ? . e  zissions. Large features on the noon's surface approxi- 

- lI., .---;- c? r l loceter  i n  s ize ,  and regional cha rac t e r i s t i c s  may be 

c 
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seen and studied from the bet ter  c a r t h i d e  photogr2?~1s. 

study of photogr,phs and visual  observatiocs cons t i tu te  a begiiming 

i n  gur k n ~ ~ l e d g g  of ghe ~ O G ' S  SILFZSGS c;t,argc_cs@r, 

:,:zphic and instrumented Caservations, coupled with laboratory 

7---)criments, help t o  provide f w  c k r  knowledge of the  environment 

-*.? -7:iich a lunar vehicle  i s  expected to  perform. 

3 ,  

c=. - z : L d  €or ser ious s tudies  of ac tua l  f l i g h t  hardware. 

., - ~- -- - ,q LO any degree recourse m s t  be made to  a r t i f i c i a l  lunar 

sitri'zces Ease2 ar imari ly  on e k t h s i d e  laboratory and geological 

Careful 

Vieugl, phet,g.- 

This ,  perhaps, 

-". -1 ic ien t  f o r  conceptual lesign but  leaves a void tha t  mst 

. - . -  To f i l l  

7 -  

JI; - 7  4 z:rp,+ ,,-ence. The value of the design i n  such a case may ~ 

? q c n 2  on i t s  adapr ib i l i t y  to a range of surface conditions. 

T i e r e  Zoes riot appear t o  be a s ingle  model whose character is-  

L . l ~ s  _ -  a r e  a?? l lca>le  t o  the en t i re  surface of the  mon. Indeed, even 

iii 2:- "rea restricted t o  the eqzator ia l  region i n  the Ocean of Storms 

LI:Z-> q ? c z ~ s  to be several  xy ia t ions  i n  the type of lunar surface 

-- L -2 .-?l-rsen:eZ. 

-a;ar --nk??izp; Site T o p o ~ r q h ; 7  

fl.-,. -*I 3iz;zcters 

;:r;-Trcc c5arac:eristLcs of the  ICepler, Lansberg and Copernicus 

L L  -̂+....c ' .---q - ,  been s t d i e d  w i t 1  regard to  the i r  ' regional charac te r i s t ics .  
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39.0% 

36.7% 

15.7% 

4 ,  9% 

0.7% 

. 
' - _  _I - 5  ;L-o-.e 0.7 Xn en2 belox7 6 Km i n  diameter the r e l a t i v e  

1. - - - -  - ' * A Y ,  e2 ' ibeir occurrence i s  as follows: 

39.7% 

32.8% 

15.4% 

6.9% 

2.8% 

G .  7 

2.0 

3.0  

LL. 0 

5.0 

2.0 

3.0 

4.0 

5.0 

6.0 

I 

1 
Copernicus 
Xiphaeus X t s .  

46.5% 

37.0% 

10.1% 

5.0% 

0.9% 

77 r-istro~rarrs showing the c ra t e r  d i s t r ibu t ion  i n  each of the 

XPLS outlFi-iaL i n  Table I1 arc  izclcded i n  the Appendix (Figs 1,3 ,  

ZL; 5). Accoapzying eac5 h i s t o g r m  i s  a skematic representation 

G T  Zhe size and areal dis t r ibut ion of craters larger than 0.7 h. 

(--i,?s 2,4,  acd 6 ) .  

. I  

7 :xiver cz?c?bi l i ty  

n-, A . . e  ~ n e u v e r a b i l i t y  requirement f o r  the landing vehicle  

csz :S? cz.7Lc~1aceed i n  two fashims.  One can e i t h e r  determine s i z e  

CT L:-::.:LC qbstacles or  areas and allow f o r  m i s s  capabi l i ty  or 

ox: ccri Letermine a des i r ed  landing location and calculate  the 

arc21 c x t c n t  of the l a rges t  obstacle t o  be avoided. 



In  regards t o  c r a t e r s  where one wishes t o  avoid the 

Yaneuver Capa- 
b i l i t y  i n  IEm 

0.. 5 

1.5 

2.0 

2.5 

f 

inner r i m ,  Table 111 shows the percentage of craters i n  each 

region which may be avoided with a given maneuverability capabi l i ty .  

Tha large er6tfer0 (diameter greawr than 6 Fsw.) are ngt considered 

assuming they may be avoided by a rough area selection. 

I 3*0 

TA3U I11 

% of craters* that 

lrep 1 e r  
&ea 

39.0 

75.7 

91.4 

96.4 

97.1 

Lansb erg 
Atea 

39.7 

72.5 

87.9 

9.4.0 

97.0 

can be avoided . 

46.5 

83.5 

93.6 

98.6 

.99.5 

. * Craters grea te r  than 0.7 Km and less than 6 Km. 
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.The assumption is  not implied t h a t  any region outs ide of the 

smallest craters resolved by ear th  based te lescopic  observations 

are completely f l a t .  

and the  site-frequency d is t r ibu t ion  of the v i s i b l e  craters leads 

toward the concluslon tha t  s t i l l  smaller craters are perhaps i n  

Current opinions expressed i n  the literature 
c 

the  majority, 

craters may be diminished as a consequence of the impact process 

i t s e l f .  

On the other  hand the hazard from steep-wall  small 

Succeeding impacts of cosmic debris  leads t o  the modifi- 

ca t ion  o r  destruct ion of c ra t e r  forms on which they impact. 

a process would have a degradjng effect on the l a rge r  craters. 

Bmller Craters t h i s  act ion would lead to  a complete modification of 

the  crater shape. . 
from meteorite impact with the moon's surface coupled with f i n e  

debr i s  scat tered as a r e s u l t  of mechanical breakage of lunar 

material, should a l s o  lessen the hazard from holes r e su l t i ng  from 

the  presumed grea te r  in f lux  of smaller particles. Perhaps even a 

grea te r  source of level ing occurs from the  debris  e jected by the  

Such 

On 
- 

-- 
Z I -  

-i 

Leveling action caused by the shock generated 
t 

r w e d  craters (Appendix, Figs 7,8, and 9). While estimates on the 

thickness of such cover material .varies any thickness should soften 

. t h e  e f f e c t s  introduced by impact. 

10 
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OSstructions (Blocks of 3-ock) 

Although the uzmnned hard iar?ding vehicle  rr;odel appro- 

p r i a t e l y  places an upper l i m i t  on the obstructions tha t  a vehicle  

should be designed to  encounter, t h i s  shoulc! not  be taken t o  

maan chat laqer chstruct ions do s o t  ac tua l ly  e::i$t i n  quant i ty  i n  many 

areas on the moon. The rrmeuver czpzbi l i ty  described f o r  crater 

wall evasion i n  the previous paragraph m y  be used t o  advantage 

i n  the acrual  l u n a  lzndicg s i tua t ion  to avoid i so la ted  obstructions.  

Our experience with the s i z e  frequency d i s t r ibu t ion  of debris  

associated with c ra te r ing  processes on the ea r th  i s  ra ther  limited. 

Some s tudies  have been made. It i s  not qu i t e  ce r t a in  presently,  

lmar fea tures  of equivalent s i ze  end v isua l  appearance. The 

mximum. block size  associate2 t r i 5 - 1  ea r th  c ra t e r s  ranging i n  size 

fron meteor c r a t e r  (Arizona) to  s w l l  explosion craters has been 

invest igated by 2bore, Gault and iugn (Appendix, Fig 10). Some 

work has been done toward assessing the area covered by broken 

r i m  and blocky material and outlining these areas from the smoother 

appearing maria on charts. These a r e  no t  included i n  the  inter im 

repor t  . 
Xegional Elevations and Slopes 

An idea of regionzl  topography i n  the areas shown by the 

index maps, (Appendix, Figs 11, 13 and 15) are provided by regional  

cross-section char t s  (Appendix, F i g s  12,14,16 and 17). 2egional 



I . 
! -  

t 

Area Kep ler Lansberg Copernicus Rip'naeus Mts. 

E1eva:io-n of 

c ra t e r  f loor  
i n  meters 

Elevation of 

r i m  above 1000 1 3000 3000 -- 
I 
I 

c ra t e r  r i m  above 600 600 1 900 -- 
surrounding area I 

Elevation of 
mountains above -- -- 
surrounding area 

-- 600 

siopes vary to  some degree from c ra t e r  to  c ra te r  and slopes vary 

loca l ly  on a c ra t e r  r i m .  Co?ernicus, the la rges t  crater included 

i n  the cross-section charts  hlas a lower regional slope on i ts  r i m  

thac do the smaller craters, ;at steep local  slopes from large 

bloc?cs of debris a r e  possG1e.  Cross-sections showing inner 

s lopes of two carthsi2.e c2atc:s 2ze shown i n  the Appendix (Figs 18 

ax? 19) .  Relative heighrs of crater rims above f loo r s  and above 

t h e  surrouading area differ soS-.cvhat i n  the three areas shown. 

T k  la rges t  of these d i f fe rexes  a r e  a s  follows; 



Soi l  Mechanics 

-_  

Consider-able e f f o r t  has  been expended i n  the study of 

s o i l  mechanics par t icu lar ly  i n  regards to  laboratory s tudies  i n  a 

controlled environment. 

Since rock f ro th  i s  a prominent par t  of the OYIF surface 

model, some study was made in to  the properties of a r t i f i c i a l  and 

na tura l  rock of t h i s  type. Recent s tudies  and t e s t s  of rock f ro th  

ind ica te  that the bearing strength of t h i s  type material  may range 

from 6 p s i  t o  approximately 100 p s i  i n  man-made rock f ro th  samples, 

S&ge s~ck f r o t h  may vary considerably i n  physical character, de- 

gree of vesicular i ty ,  etc,  from sample to  sample, material  s t i l l  

iden t i f i ab le  as a f ro th  could conceivably have a bearing s t rength 

up t o  approximately 200 psi .  In the na tura l  state one would ex- 

pect considerable l a t e r a l  and ver t i ca l  var ia t ion  i n  the s t rength 

of t h i s  type material. 

rock f r o t h  samples a r e  preferable f o r  the lunar model. 

The lower range of values obtained f o r  

Compressive and shear strength of sand and s i l t  tes ted 

i n  atmospheric environment may not be d i r ec t ly  applicable to  

- granular rock particles on the mon 's  surface. 

hnar gravity would a l h w  less dense packing of c l a s t i c  

material. For loose material  on the moon lunar gravity and high 

vacuum together with the character of the shape of the pa r t i c l e s  
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w i l l  tend to  influence zhe rock ra te r ia l  charac te r i s t ics .  The 

value given i n  the  preliminary FSFC model f o r  sand-si l t  combination, 

however, will not be a l t e red  u n t i l  tests are made i n  vacuum 

varying both the  shape and s i ze  of the  p a r t i c l e s  and with low 

II 11 g packing. 

Sol id  rock should be expected t o  have considerable s t rength  

on the  moon as i t  does on the earth. 

Preliminary ElSFC b d e l  (September 1962) 

The following model represents a modification of the sur- 

It face model described i n  the OI'SF working paper LSS-SSG-1001, 

should be understood t h a t  lunar d e t a i l s  on the order of the size 

of the  landing vehicles  cannot be resolved with ear th  bound 

telescopes. Xore microscopic d e t a i l s  of the surface rigy be E X -  

mised from photometric and polar ine t r ic  s tud ies  i n  conjunctioi: with 

laboratory experiments. Radar s tudies  s t i l l  require  addi t ional  

refinement. 

Since there  is not a s i n g l e  roodel app3icable to  the  e n t i r e  

surface of the  moon, four surface m d e l s  representing varying 

morphology w i l l  be provided as the  study progresses. 

rmdels; of the  landing areas i n  the region I O o  h7 and 10' S of 

These 

the lunar equator, including maria and upland areas, w i l l  present  

t h e  degrees of d i f f i c u l t y  i n  the surface condition as out l ined 

i n  the Koelle memo. 
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(A) LANDING SITE TOPOGWHY 

1. Maria - 
I 
1 _ _  .. (a) Average regional s l o p e  . . . . . . . . . . . . . . .,. 3O 

(b) 

(c) Average dope6 on inner rim of large crater8 I . 15' 

Average slopes on outer  r i m  of la rge  c ra t e r s  (50-1OOKm) 3 t o  8 O  

(d) Average slopes on the f loor  of la rge  c ra t e r s  . . . . . 3O 

(e) Average slopes on outer  r i m  of small c r a t e r s  . . . . . 3 t o  8' 

(f) Average slopes on inner r i m  of small craters . . . . . 30' 

(g) Average slopes on inner r i m  of c r a t e r l e t s  
(less than 10 Km Dia.) . . . . 30' 

e (h) Crevasses: cracks on the order of vehicle  s i z e  may 

b@ pgegegg near or on the c r a t e r  r i m  and should also 

be expected on the periphery of the maria. 
~ 

0 1 .  

(i) ' Domes: mounds with low s lope  (- 2 over regional)  

several  kilometers i n  diameter. 

(j) Ridges: low ridges,  with slopes -5' with elevat ions of 

a few hundred meters and a width of a few kilometers. 

(according to Van Diggelen's photometric measurement) 

Rills - linear depressions with f l a t t ened  or convex f loors:  

approximate depth 100 t o  500 meters, approximte width 2 t o  

5 Km. 

(k) 

. 
2. Uplands 

(a) Crater geometry essent ia l ly  same as those on Maria. 

(b) Walled plains ,  inner slopes 'approximately 15 0 . Sl igh t  o r  

no ex terna l  r i m .  



..- 

(B) SOIL MECHANICS OF UPIAX'TDS AND Y i I A  

1. Maria - 

- -  

I _  

(a) Surface consists of recent  debris i n  the form of 

'ray pa t te rns  5 t o  10 kilometers across  composed of 

loosely packed spherical  grains  approximately 2 mm 

i n  diameter (Bulk density of 1 t o  1.5 g/cc). The 

surface beneath and adjacent t o  the ray  debris  con- 

sists of bonded and/or loose fragmented matefial, 

largely of sand gra in  t o  small boulder s ize;  bould- 

ers a r e  in a matrix of bonded f i n e r  pa r t i c l e s .  This, 

i n  turn, may overly lenses of brecciated material 

and porous fused rock. 

Adjacent t o  crater r i m  (approximately 1 radius)  

mater ia l  consists of la rge  blocks of f ractured rock, 

some with high angles of repose, grading i n t o  a mix- 
- 

tu re  of rubble and pulverized rock, The i n t e r i o r  of 

ancient c r a t e r s  should cons is t  of rock powder, which, 

except fo r  the uppermost portion, should be bonded, 

2, Uplands 

(a) Surface a t e r i a l  cons is t s  of bare  rock with i r r egu la r  
. 

concentration of f i n e l y  divided s i l t  o r  sand s i z e  

(approximately 0.3 t o  2.D mm) fragments. Accumulations 

~ assumed: a few centimeters Seep on low slopes with - _:- 
- 

greater  concentrations i n  loca l  basins. 

a thick layer  of rubble mixed with fragments of 

porous materials. 

This overlays 
--. 





Fig 1. 

Fig 2. 

Fig 3. 

Fig 4. 

Fig 5.  

Fig 6. 

Fig 7. 

Fig 8. 

Fig 9. 

Fig 10. 

Fig 11. 

Fig 12. 

Fig 13. 

Fig 14. 

. 
Fig 15. 

Fig 16. 

Fig 17. 

. .  

Histogram showing the s ize  frequency d is t r ibu t ion  of 
invisible craters i n  the Repler-Encke-Kunowsky Area. 

Schematic representation of the d is t r ibu t ion  of inv i s ib l e  
craters i n  the Kepler-Encke-Kunowsky areas. 

Hie togram rhowing the s i x $  frerqutrney dfr tributioa-of 
v i s ib l e  craters i n  the Vest Lansberg Area. 

Schematic representation of the d is t r ibu t ion  of v i s i b l e  
craters i n  the West Lansberg Area. 

Histogram showing t h e  s ize  frequency d is t r ibu t ion  of v i s i b l e  
craters i n  the Copernicus area. . 

Schematic representation of the d is t r ibu t ion  of v i s i b l e  craters 
in the Copernicus area. 

Ray material i n  t h e  Kepler-Encke-Kunowsky Area. 
(UW Atlas) 

Ray material i n  the West Lansberg Area 

Ray material  i n  the Copernicus area. 

Maximum block s i ze  of crater  debris. 

Index map showing location of lunar cross sections 
i n  the Kepler-Encke-Kunowsky Area. 

Idealized cross sections of Kepler, Encke and Kunowsky 

Index map showing location of lunar cross sections i n  the 
Lansberg Area. 

Idealized cross  sections of Lansberg and the Riphaeus 
Mountain region. 

Index map showing location of lunar cross  sections i n  the 
. Copernicus arca. 

Idealized cross section of Copernicus. 

Idealized cross  section of Reinhold-Reinhold B. 
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Fig 18. Cross section of an explos ion  crater. 

Fig 19. Cross section'of a small meteor crater. 
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